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METHOD AND SYSTEM FOR REDUCING
THINNING OF FIELD ISOLATION
STRUCTURES IN A FLLASH MEMORY
DEVICE

FIELD OF THE INVENTION

The present invention relates to semiconductor devices,
and more particularly to a method and system for fabricating
1solation structures 1n Flash memory devices.

BACKGROUND OF THE INVENTION

Flash memory devices are semiconductor devices that are
used to store data. Typically, a Flash memory device
includes a core, which has memory cells, and a periphery,
which 1ncludes other devices. The devices in the periphery
include high voltage devices, such as charge generating
circuits, and low voltage devices, such as amplifiers or
control circuits. Separating the devices at the periphery, as
well as the cells at the core, are 1solation structures.
Typically, these 1isolation structures are semiconductor
trench 1solation structures.

FIG. 1 depicts a conventional method 10 for providing
conventional structures at the periphery of the Flash memory
device. The conventional method provides conventional
trenches where the 1solation structures are desired, via step
12. The conventional trenches are then filled with a conven-
tional oxade filler, via step 14. Typically, steps 12 and 14 are
performed for both the core and the periphery. Thus, after
step 14 1s completed, 1solation structures 1including an oxide
filler will be present in both the core and the periphery. An
oxide layer 1s then provided, via step 16. Typically, the oxade
layer 1s approximately fifty Angstroms thick. Note that
between steps 14 and 16, processing of the core 1s carried
out. For example, an oxide-nitride-oxide layer may be
formed. In addition, certain portions of the core, such as the
tunneling barrier for memory cells 1n the core, are fabri-
cated. Note that for some conventional Flash memory
devices, the tunneling barrier 1s provided by a nitride oxide,
such as N,O. However, during many of these processing
steps, the periphery is typically not masked. Thus, the N,O
will also be present at the periphery of the Flash memory
device. Thus, the periphery of the Flash memory device 1s
ctched to reduce any remnant nitride, via step 18. The nitride
might remain from fabrication of the tunneling barrier in the
core, discussed above. The core of the conventional Flash
memory device 1s then masked, via step 20. Thus, the
periphery remains exposed after step 20. A gate oxide 1s then
provided for a portion of the devices at the periphery of the
conventional Flash memory device, via step 22. The gate
oxide provided 1n step 22 1s preferably a high voltage device
cgate oxide having a thickness of approximately 145 Ang-
stroms. A portion of the periphery 1s then etched to remove
the high voltage gate oxide, via step 24. This portion of the
periphery 1ncludes low voltage devices, such as controllers
or amplifier circuits. A low voltage gate oxide 1s then grown,
via step 26. Fabrication of devices at the periphery then
confinues.

FIG. 2A depict a conventional Flash memory device 30
after fabrication of a portion of the devices at the periphery.
The conventional Flash memory device 30 includes a core
region 40, a high voltage region 50 and a low voltage region
60. The high voltage region 50 and low voltage region 60 are
part of the periphery of the Flash memory device 30 because
they are not included 1n the core 40. The core 40 includes a
memory cell 42 having a tunneling barrier 46. The core 40
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also 1ncludes a conventional 1solation structure 44 separating
the core 40 from the high voltage area 50. The high voltage
arca 50 1mncludes a high voltage device 52 and a conventional
1solation structure 54. The high voltage device 52 may
include devices such as charge generating circuits. The high
voltage region 50 also includes a gate oxide 56. The low
voltage area 60 includes a low voltage device 62, a conven-
tional 1solation structure 64 and a gate oxide 66. Although
only one device, one conventional 1solation structure and
one oxide layer are shown for each region 40, 50 and 60,
cach region 40, 50 and 60 typically has many 1solation
structures, devices and other structures.

Although the method 100 functions to provide the con-
ventional Flash memory device 50, one of ordinary skill in
the art will readily realize that the conventional Flash
memory device 50 1s subject to leakage due to degradation
of the conventional 1solation structures 54 and 64. FIG. 2B
depicts a close up view of the conventional 1solation struc-
tures 54 and 64, and device 62. The conventional 1solation
structures 54 and 64 include conventional trenches 51 and
61, respectively, that are filled with conventional oxide
fillers 53 and 63, respectively. Near the corners 55, 57, 65
and 67 of the conventional 1solation structures 54 and 64, the
oxide filler §3 and 63 has thinned arcas 38, 59 and 68. The
thinned arcas 358, 59 and 68 reduce the ability of the
conventional 1solation structures 54 and 64 to insulate
devices 54 and 64. As a result, a leakage current can occur
through the thinned areas 58, 59 and 68. The leakage current
can lower the threshold voltage of devices fabricated near
the conventional 1solation structures 54 and 64, which
adversely affect performance of the conventional Flash
memory device 30.

The thinned areas 58, 59 and 68 may occur for a variety
of reasons. Typically, silicon wafers having a (100) orien-
tation (shown in FIG. 2B) are used for fabricating conven-
tional Flash memory devices 30. Because the top surface has
a (100) orientation, near the corners of the trenches 51 and
61, the exposed silicon has a (111) orientation. The (111)
orientation of silicon has a larger number of dangling bonds.
Thus, when the oxide filler 53 and 63 1s provided in step 14
of the method 10 depicted in FIG. 1, areas near the (111)
orientation are thinner. In addition, mechanical stress tends
to concentrate at areas where a corner 1s fabricated.
Mechanical stress also tends to cause a thinning of the oxide

filler 53 and 63 near the corners 55, 57, 65 and 67 of the
conventional 1solation structures 54 and 64. In addition, as
discussed above, 1n more recent conventional Flash memory
devices, a nitride oxide, such as N,O 1s used 1n forming the
cgate oxide for the memory cells 1n the core region 40. When
N, O 1s used, the thinning that results in the areas 38, 59 and
68 1s even more severe. Thus, the problems due to leakage
current 1n the devices 52 and 62 are made worse.

Accordingly, what 1s needed 1s a system and method for
providing improved 1solation structures. The present imnven-
tion addresses such a need.

SUMMARY OF THE INVENTION

The present mvention provides a method and system for
providing a Flash memory device. The Flash memory device
includes a core and a periphery. The method and system
comprise providing the core for the Flash memory device
and providing a plurality of 1solation structures. A portion of
the plurality of 1solation structures 1s for 1solating a plurality
of devices at the periphery of the Flash memory device.
Each of the plurality of 1solation structures includes a corner
and an oxide filler. The method and system further include
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providing the plurality of 1solation structures by processing,
the plurality of 1solation structures to reduce thinning of the
oxide filler 1n proximity to the corner of the 1solation
structure.

According to the system and method disclosed herein, the
present mnvention provides 1solation structures which are less
subject to thinning of the oxide filler near corners. As a
result, 1solation 1s 1improved and leakage current reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow chart depicting a conventional method for
providing a conventional Flash memory device.

FIG. 2A 1s a diagram of a portion of a conventional Flash
memory device.

FIG. 2B 1s an enlarged view of conventional 1solation
structures at the periphery of the conventional Flash memory
device.

FIG. 3 1s a high-level flow chart depicting one embodi-
ment of a method 1n accordance with the present mnvention

for providing a Flash memory device having improved
1solation structures.

FIG. 4 1s a more detailed flow chart of a first embodiment
of a method 1n accordance with the present mvention for
processing the 1solation structures to reduce thinning.

FIG. 5 1s a more detalled flow chart of a second embodi-
ment of a method 1n accordance with the present imnvention
for processing the 1solation structures to reduce thinning.

FIG. 6 1s a more detailed tlow chart of a third embodiment
of a method 1n accordance with the present invention for
processing the isolation structures to reduce thinning.

FIG. 7A depicts one embodiment of a portion of a Flash
memory device 1n accordance with the present 1nvention.

FIG. 7B 1s a more detailed view of 1solation structures 1n
one embodiment of the Flash memory device 1 accordance
with the present mnvention.

DETAILED DESCRIPTION OF THE
INVENTION

The present mvention relates to an 1mprovement 1n
FLLASH memory devices. The following description 1s pre-
sented to enable one of ordinary skill 1n the art to make and
use the mvention and 1s provided in the context of a patent
application and 1its requirements. Various modifications to
the preferred embodiment will be readily apparent to those
skilled 1n the art and the generic principles herein may be
applied to other embodiments. Thus, the present invention 1s
not intended to be limited to the embodiment shown, but 1s
to be accorded the widest scope consistent with the prin-
ciples and features described herein.

The present invention provides a method and system for
providing a Flash memory device. The Flash memory device
includes a core and a periphery. The method and system
comprise providing the core for the Flash memory device
and providing a plurality of 1solation structures. A portion of
the plurality of 1solation structures 1s for 1solating a plurality
of devices at the periphery of the Flash memory device.
Each of the plurality of 1solation structures includes a corner
and an oxide filler. The method and system further include
providing the plurality of 1solation structures by processing,
the plurality of isolation structures to reduce thinning of the
oxide filler 1n proximity to the corner of the 1solation
structure.

The present invention will be described 1n terms of
particular methods having certain steps. However, one of
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ordinary skill mm the art will readily recognize that this
method and system will operate effectively for other meth-
ods having other steps. For example, certain steps will be
omitted for clarity. Thus, the method and system are con-
sistent other processes having additional steps. In addition,
although the present invention 1s described 1n the context of
1solation structures for particular devices at the periphery of
a Flash memory device, nothing prevent the use of the
present i1nvention for 1solation structures between other
devices and/or 1n other portions of the Flash memory device,
such as in the core of the Flash memory device.
Furthermore, the present invention will be described 1n
terms of distinct methods for processing 1solation structures.
However, one of ordinary skill in the art will readily
recognize that these methods can be combined.

To more particularly illustrate the method and system 1n
accordance with the present invention, refer now to FIG. 3,
depicting a high-level flow chart one embodiment of a
method 100 for providing a Flash memory device in accor-
dance with the present invention. For clarity, certain steps in
the method 100 are omitted. At least a portion of the core of
the Flash memory device 1s provided, via step 102. For
example, step 102 could include providing i1solation struc-
tures 1n the core and/or providing a tunneling barrier or other
structures for the memory cells 1in the core. The 1solation
structures at the periphery are provided and processed such
that thinning of the oxide filler in the 1solation structures 1s
reduced or eliminated, via step 104. More particularly, 1n a
preferred embodiment, thinning of the oxide filler at the
corners of the 1solation structure 1s reduced eliminated. Note
that step 104 could also include providing the 1solation
structures 1n the core of the Flash memory device. In such
an embodiment, thinning of the oxide filler at the corners of
the 1solation structure should be reduced or eliminated.
Because thinning 1s reduced or eliminated, the isolation
structures provided using the method 100 are better able to
insulate devices 1 the Flash memory device. In other words,
leakage current through thinner portions of the isolation
structures can thus be made smaller. As a result, the thresh-
old voltage of devices 1n the Flash memory device, particu-
larly those at the periphery of the Flash memory device, can
be maintained. The Flash memory device may thus be better
able to function as desired.

FIG. 4 1s a more detailed flow chart of a first embodiment
of a method 104' in accordance with the present imnvention
for processing the 1solation structures to reduce thinning of
the oxide filler. The trenches for the 1solation structures are
provided, via step 110. The oxide filler 1s then provided in
the trenches using a slow oxidation method, via step 112. In
a preferred embodiment, the slow oxidation method 1ncludes
providing an oxide using KrO, as a chemical source for the
oxidation. Because the growth rate of the oxide filler is
lower, the coverage of the oxide filler 1n the trench 1s more
even. Consequently, the tendency of the oxide filler to have
thinned portions at the corners of the 1solation structure is
reduced. Because the oxide filler 1s not thinned, the 1solation
structures are less likely to have a leakage current.

FIG. § 1s a more detailed flow chart of a second embodi-
ment of a method 104" 1n accordance with the present
invention for processing the isolation structures to reduce
thinning of the oxide filler. Trenches for the 1solation struc-
tures are provided, via step 120. The trenches are then filled
with the oxide filler, via step 122. A low temperature anneal
1s then provided, via step 124. In one embodiment, the
anneal temperature 1s less than one thousand degrees cen-
tigrade. In a preferred embodiment, the anneal temperature
1s approximately eight hundred and fifty degrees centigrade.
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Also 1n a preferred embodiment, the anneal 1s performed for
approximately thirty seconds.

Because the anneal 1s provided, mechanical stress at the
corners of the 1solation structure can be released. Thus, the
quality of the oxide filler grown 1mproves. The anneal can
also increase the density of the oxide filler, making the oxide
filler less likely to be thinned near the corners of the 1solation
structure. As a result, leakage current 1s less likely to occur
through the 1solation structure. In addition, because the
anneal 1s performed at a low temperature, the devices 1n the
Flash memory device are not adversely affected. For
example, an anneal at a higher temperature could cause the
source and drain of memory cells 1n the core of the Flash
memory device to diffuse. Thus, the 1solation structures can
be improved without sacrificing other portions of the Flash
memory device. Consequently, the performance of the Flash
memory device 1s improved.

FIG. 6 1s a more detailed flow chart of a third embodiment
of a method 104" in accordance with the present mnvention
for processing the 1solation structures to reduce thinning of
the oxide filler. Trenches for the 1solation structures are
provided, via step 130. The trenches are filled with a
sacrificial oxide, via step 132. The sacrificial oxide 1s then
ctched, via step 134. Steps 132 and 134 can then be repeated
a particular number of times, via step 136. In a preferred
embodiment, the particular number of times 1s zero times.
However, 1n another embodiment, the particular number of
fimes 1s greater than zero. The trench is then filled with the
oxide filler, via step 138.

During removal of the sacrificial oxide in step 134, a
portion of the semiconductor forming the walls and corners
of the trench are also removed. As a result, the corners of the
trench are rounded. Because the corners are rounded,
mechanical stress 1s less likely to accumulate at the corners.
As a result, the oxide filler provided 1n step 138 1s of a higher
quality and 1s less likely to be thinned near the corners of the
1solation structure. Consequently, the Flash memory device
1s less likely to suffer a leakage current through the 1solation
structures.

Thus, the methods 104', 104" and 104™ improve the
1solation structures by reducing thinning near the corners of
the 1solation structures. Although each of the methods 104",
104" and 104" function separately, any combination of the
methods 104', 104" and 104 can be used to improve the
quality of the 1solation structures.

FIG. 7A depicts one embodiment of a portion of a Flash
memory device 200 in accordance with the present inven-
fion. Note that although single structures are shown in the
Flash memory device 200, the Flash memory device 200
includes multiple structures. For example, although only one
1solation structure 224 i1s shown in the high voltage region
220, the Flash memory device 200 preferably includes
multiple 1solation structures in the high voltage region 220.
The Flash memory device 200 includes a core region 210, a
high voltage region 220 and a low voltage region 230. The
high voltage region 220 and the low voltage region 230 are
part of the periphery of the Flash memory device 200. The
core region 210 includes memory cell 212 including a
tunneling barrier 216, which may be formed using N,O. The
core 210 also mncludes an 1solation structure 214. The high
voltage region 220 includes a high voltage device 222 and
an 1solation structure 224. The gate oxide 226 for the device
222, which can be formed using conventional means, 1s also
depicted. The high voltage device 222 could include devices
such as charge generating circuits. The low voltage region
230 includes a low voltage device 232, an 1solation structure
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234 and a gate oxide 236, which can be formed using
conventional means. Generally, the gate oxide 226 1is
approximately one hundred and forty five Angstroms thick
and thicker than the gate oxide 236. The 1solation structures
224 and 234 are formed using the methods 100, 104', 104"
and/or 104'". In one embodiment, the 1solation structure 214
1s also formed using the methods 100, 104, 104" and/or
104",

FIG. 7B 1s a more detailed view of 1solation structures 1n
one embodiment of the Flash memory device 100 in accor-
dance with the present invention. The 1solation structures
224 and 234 and the how voltage device 232 are shown 1n
FIG. 7B. The isolation structures 224 and 234 include
trenches 221 and 231, respectively, and oxide filler 223 and
233, respectively. The i1solation structures 224 and 234
mnclude corners 225 and 227 and corners 235 and 237,
respectively. The 1solation structures 224 and 234 are

formed using the methods 104', 104" and 104"". The corners
225, 227, 235 and 237 are rounded because a sacrificial

oxide (not shown) has been provided in and removed from
the trenches 221 and 231. Because the oxide filler 223 and

233 are provided using a slow oxidation method, the oxide

filler 223 and 233 covers the trenches 221 and 231,

respectively, relatively evenly. In addition, because the 1s0-
lation structures 224 and 234 are annecaled at a low

temperature, mechanical stress 1s released from the corners
225, 227, 235 and 237 of the 1solation structures 224 and

234. Because of the shape of the corners 225, 227, 235 and
237, the slow growth of the oxade filler 223 and 233 and the
anneal, the oxide filler 223 and 233 is less subject to
thinning. As a result, the 1solation structures 224 and 234 are
better able to perform their function of 1solating devices in
the high voltage region 220 and the low voltage region 230.

A method and system has been disclosed for providing a
Flash memory device having improved 1solation structures.
Although the present mmvention has been described 1n accor-
dance with the embodiments shown, one of ordinary skill in
the art will readily recognize that there could be variations
to the embodiments and those variations would be within the
spirit and scope of the present invention. Accordingly, many
modifications may be made by one of ordinary skill in the art

without departing from the spirit and scope of the appended
claims.

What 1s claimed is:

1. A method for providing a Flash memory device includ-

ing a core and a periphery, the method comprising the steps
of:

(a) providing the core for the Flash memory device;

(b) providing a plurality of isolation structures, a portion
of the plurality of 1solation structures for isolating a
plurality of devices at the periphery of the Flash

memory device, each of the plurality of 1solation struc-

tures having a corner and an oxide filler, the step of

providing the plurality of 1solation structures further

including the step of

(b1) processing the plurality of isolation structures to
reduce thinning of the oxide filler 1n proximity to the
corner of the 1solation structure, wherein the plural-
ity of 1solation structures processing step (b1) further
includes the steps of:

(b1i) providing a sacrificial oxide filler;

(blii) etching the sacrificial oxide filler and a portion
of the 1solation structure to round the corner of
cach of the plurality of 1solation structures;

(blii1) repeating steps (b1) and (b1ii) to further round
the corner of each of the plurality of 1solation
structures a particular number of times; and

(bliv) providing the oxide filler.

2. A method for providing a Flash memory device includ-
ing a core and a periphery, the method comprising the steps

of:
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(a) providing the core for the Flash memory device;

(b) providing a plurality of isolation structures, a portion
of the plurality of i1solation structures for isolating a
plurality of devices at the periphery of the Flash
memory device, each of the plurality of 1solation struc-
tures having a corner and an oxide filler, the step of
providing the plurality of i1solation structures further
including the step of
(b1) processing the plurality of isolation structures to

reduce thinning of the oxide filler in proximity to the 19

corner of the 1solation structure, wherein the plural-

ity of 1solation structures processing step (b1) further

includes the step of:

(b1i) providing the oxide filler in an oxidation step
having a slow oxidation rate wherein the oxide
filler providing step (b11) further includes the step
of:

(b1i1) providing the oxide filler using a KrO, plasma.

3. The method of claim 1 wherein the plurality of 1solation
structures processing step (b1) further includes the step of:

15

3

(b1v) performing a low temperature anneal on the plu-
rality of oxidation structures to release stress in the

corner of each of the plurality of 1solation structures,
the low temperature anneal being performed at a tem-
perature below 1000C.

4. The method of claim 3 wherein the low temperature
anneal 1s performed at a temperature of approximately 850
C.

5. The method of claim 1 wherein the plurality of 1solation
structures processing step (b1iv) further includes the step of:

(bliv-1) providing the oxide filler in an oxidation step
having a slow oxidation rate.

6. The method of claim 5 wherein the plurality of 1solation

structures processing step (b1l) further includes the step of:

(b1v) performing a low temperature anneal on the plu-
rality of oxidation structures to release stress in the
corner of each of the plurality of 1solation structures,
the low temperature anneal being performed at a tem-
perature below 1000 C.
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